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3Between Land and Water: Sustainably 
Inhabiting the Changing Landscape 
of Deltaic Plains, A Case Study for 
Southeastern Louisiana
Sustainable inhabitation can be defined as prolonged engagement of a physical envi-
ronment to facilitate human existence without depleting or permanently damaging 
that environment.  Human beings must alter their environments to serve their own 
needs, but most people never experience the infrastructure, systems and processes 
that make life possible.  As technology and culture become more complex, our simple 
relationship with the places we inhabit has become equally complex and obscure. 
Under the pressures of unprecedented energy consumption and climate change, how 
can we begin to question the way we inhabit a given place – especially rapidly chang-
ing deltaic landscapes such as that of the Mississippi River?  We must begin to look 
critically at our relationship with these places and how we use their resources in order 
to make informed, responsible decisions about how we build and how we live into the 
uncertain future.      
Historically, building existed as a natural response to the way people lived within a spe-
cific landscape.  In his book The Control of Nature, author John McPhee tells us that 
the Louisiana landscape “…exists in its present form because the Mississippi River 
has jumped here and there within an arc about two-hundred miles wide, like a pianist 
playing with one hand - frequently and radically changing course, surging over the left 
or the right bank...” The Mississippi River carries one fourth of the watershed of the 
United States and created the land on which Southeastern Louisiana was built.  The 
region is home to the largest combined port in the world in cargo tonnage between 
Baton Rouge and New Orleans and is a major producer and processor of domestic 
oil and seafood.  Currently, Louisiana’s deltaic plain is also rapidly changing – losing 
30 square miles of crucial wetlands every day due to sea level rise, subsidence and 
tidal erosion.  It exists in a precarious state while the land-building power of the river 
has been truncated by the levee system that protects the livelihood of human settle-
ment.  This region is a critical juncture of natural systems, industry and humanity.  How 
can site-specific events and processes such as natural and man-made geologic sys-
tems, agricultural and aquatic practices, plant and animal adaptations and historic 
settlement patterns inform the tectonics and mechanics of a new means of occupy-
ing such a place?  The project aims to establish a paradigm for occupying the bound-
ary between land and water, promoting an understanding of our unique relationship to 
this boundary and facilitating ways to live with it instead of control it.  Its intention is to 
function as a catalyst for community-based sustainability and learning through direct 
interaction with the landscape and its resources.  As such, the project includes mobile 
dwelling units and a permanent land-based component.  Tourism, infrastructure and 
public venues for leisure, local trade and cultural immersion are key program compo-
nents. The end-users include tourists, seasonal hunters and fishers, and permanent 
residents. Other relevant considerations include land-loss prevention, living with 
water, necessary infrastructure for modern life and how these elements interact with 
one another and the landscape.
William Joseph Doran
Louisiana State University
4A ‘tour barge’ acts as a vessel to 
house the programmatic response 
to Southeastern Louisiana’s diverse 
landforms and rich resources.  It 
includes tourism, infrastructure and 
public venues for leisure, local trade 
and cultural immersion and facilitates 
a sustainable means of habitation.  
HUNTING + FISHING
RAINWATER COLLECTION
LIVING
LEISURE AGRICULTURE
DREDGING + DEPOSITION
UTILITY + NAVIGATION
SCHEMATIC SECTION THROUGH LAND/WATER BOUNDARY
Historically, building existed as a natural response to the way people lived within a specific landscape.  In his book The Control of Nature, Author John McPhee tells us that “Louisiana exists in its present form because the Mississippi River has jumped here and there within an arc about two-hundred miles 
wide, like a pianist playing with one hand - frequently and radically changing course, surging over the left or the right bank...”  As technology and modern culture surge forward we are losing a sense of the places we inhabit and must begin to look critically at how we occupy them and use their resources. 
As a complex system of rivers, swamps, flora and fauna, tourism, industry and important infrastructure, Southeastern Louisiana’s vitality is contingent upon the interaction of these interdependent parts – which include humans.  This region is a critical juncture of natural systems, industry and humanity.  The 
Mississippi River delta not only carries 1/4 of the watershed of the U.S. but also contains the largest combined port in the world in cargo tonnage (New Orleans to Baton Rouge).  Southeastern Louisiana also loses 30 sq. mi. of wetlands every day due to sea level rise, subsidence, tides and the levee system on 
the Mississippi River.  It exists in a precarious state, by taking a careful, critical approach to this place, we can set up a framework in Southeastern Louisiana for sustainable, responsive architecture, design, planning, and engineering strategies that work with both natural and man-made systems.  Between Land 
and Water aims to employ such a framework and attempts to establish a paradigm for occupying the boundary between land and water in Louisiana (versus controlling it) by promoting an understanding of our unique relationship to this boundary and facilitating ways to live with it.  It is our charge as global 
and local citizens to hold onto the wisdom of the place we live while simultaneously addressing the complexities of the modern world.  We must employ a comprehensive and critical understanding of the local in order to establish a relevant and sustainable practice in the world.
William J. Doran, Assoc. AIA
Louisiana’s ground is not permanent - 
incessantly being made and removed 
by a system of rivers, marshes, 
swamps and the Gulf of Mexico. Here, 
its diverse landforms are mapped onto 
a diagrammatic plan and section of 
the Deltaic Region.  
Despite the region’s wide range of 
landforms, unique geomorphology, 
diurnal flooding, diverse hunting and 
fishing opportunities and agricultural 
seasons that fill the year, settlement 
patterns in Louisiana have become 
an attempt to fix the land/ water 
boundary (far right).  Site-adaptive 
activities like fishing, dredging and 
agriculture can take place across the 
section of the region according to 
season.
A synthesis of site-adaptive and 
life-sustainaing activities throughout 
a cyclical calendar year according 
to season and geography are the 
program for the sustainable prototype.
“ ...How can we sustainably inhabit
                                       a given landscape? ”
+ + + =/
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5Camino Nueva Vida
Camino Nueva Vida is a design project in Las Pintitas, Mexico, just outside of 
Guadalajara. The development is an education center to teach vocational skills, entre-
preneurship, management, community building and life skills.  The neighborhood of 
Las Pintitas is high poverty, high density, high crime, and low opportunity.  The project 
goal is a facility that embodies a sense of opportunity through education, community, 
and a clear direction for a new life.  The design goals for Camino Nueva Vida (cur-
rently under construction) focus on engaging the client and the community through 
the impact of services provided within the building, the configuration and functional-
ity of the spaces, and the construction of the development.  It was decided early on 
that the palette of materials would be as exclusive as possible to items available within 
the community of Las Pintitas, both in terms of products and labor.  Pulling inspira-
tion from the traditional vernacular of the Hacienda, the project would also focus on 
the use of natural passive systems, roof top planter gardens, and the development of 
skilled labor to become self-sufficient with a low carbon footprint and the potential 
to move “off the grid” over time.  The process began with simulation in the program-
ming (discovery) phase to drive formative qualities and spatial relationships by building 
quantifiable data to inform the design potential within the local climate. 
The core design idea for Camino Nueva Vida came directly from the client who 
wanted the design to stay in the vernacular of the Hacienda.  Looking specifically at 
the Hacienda typology, it is important to note several key concepts directly influenc-
ing the project’s design:  First, the Hacienda was a self-sufficient design, meeting all 
the core needs within the development.  Camino Nueva Vida was designed with the 
spatial capacity to provide all of the food for the employees, students, and visitors as 
well as the ability to grow enough food to generate income.  The capability of provid-
ing all power requirements (the current design takes advantage of passive systems) 
are currently being developed, as well as water retention, storage, and filtration.  This 
will take the focus off of consumption within the development while emphasizing the 
quality of providing for the community.  Second, the Hacienda combined productive 
activity with living spaces.  All the spaces are designed with an emphasis on action, 
activity, and multiple uses.  This creates an economy of size, will allow for future 
growth, and will seek to accommodate general activities over specific functions that 
will not be permanent as the services within the building begin to shape the commu-
nity.  Third, the project diverges from the Hacienda by reversing the physical and orga-
nizational pattern of the inner courtyard as an exclusive space for the Haciendado. 
Preserving the inner courtyard’s location maintains a familiar typology, while opening 
the courtyard on the major circulation axis evokes a sense of opportunity and equality.
David R. Beach
Drury University
Sam McBride
Drury University
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7Kennedy Homes, Affordable Housing _A 
New Paradigm
In April 2012, the Department of Housing and Urban Development, Office of Policy 
Development and Research, for the first time, included “Using Housing as a Platform 
to Improve the Quality of Life”, as a research goal out of four primary goals in its 
Strategic Plan. Cited as priorities, was education, early learning and development, 
improvement of health, economic security and self-sufficiency, in various low to very 
low income population groups. 
Kennedy Homes, Florida, provides a case study demonstration project on how 
housing can improve “quality of life”, creating a new paradigm for affordable hous-
ing.  National and regional examples are reviewed for comparative climate sensitive 
and architecturally distinctive affordable housing references, with emphasis on the 
creation of multi-dimensional public, semi-public, private and semi-private, “collec-
tive and individual” spaces with an emphasis on architecturally significant project 
design as a basis for change. 
At Kennedy Homes, local and regional confluences of climate, financial and urban 
constraints provide for a population of individuals and families of between 28% and 
60% of area median incomes in Sailboat Bend, an historic district of Fort Lauderdale, 
Florida.  Located on a significant urban corridor linking downtown and I95, the eight 
and a half acre site is a transit oriented greenway project exploring landscape and 
site as an historical redevelopment construct.  Kennedy Homes is rooted in an archi-
tectural tradition of regional subtropical modernism with local construction tech-
niques and a strategy of efficiency and innovation for affordable design. This USGBC 
LEED Gold for Homes project, currently being completed, includes adaptive use non-
residential structures, eight new two to five story Senior and Multifamily residential 
buildings in a verdant two city block, including 132 unit urban sustainable courtyard 
environment of one, two and three bedroom units and community facilities.
Concepts and alignments are paired to provide measurable outcomes. Process and 
product, city and site, global and local, community and individual, modules and stan-
dards are explored in relation to the individual and the whole, the historical and con-
temporary, the city and the unit.  Complex relationships between public and private 
spaces, safety and security, measured and balanced between the celebration of 
views, intimate spaces, and notions of place are inspired by the Florida Everglades and 
paired with urban form, climate responsiveness and traditional housing typologies. 
Concepts and solutions for volume and scale within the mega block and the unit are 
explored within the framework of conventional and modular construction systems and 
historic preservation. 
Kennedy Homes proposes inclusive design oriented sustainable affordable housing 
with demonstrable outcomes for “quality of life” and the greater good.  
Margi Glavovic Nothard
Glavovic Studio
8SKIN AND MATERIALS
LOCAL TRADITION OF MASONRY CONSTRUCTION 
CLIMATE SENSITIVITY
PASSIVE COOLING STRATEGIES, SHADE, CANOPY
        BUILDING BY ... 
        KENNEDY HOMES CHILDREN’S PLAYGROUND 
               KENNEDY HOMES LEED GOLD FOR HOMES - MID-RISE
                KENNEDY HOMES IN CONSTRUCTION SPRING 2012 - PINWHEEL BUILDING
QUALITY OF LIFE
PEOPLE, LOCAL CONNECTIONS, DESIGN, ART
KENNEDY HOMES 
AFFORDABLE HOUSING_A NEW PARADIGM
PRESENTER: MARGI NOTHARD 
PROJECT ARCHITECT: GLAVOVIC STUDIO
        KENNEDY HOMES LEED GOLD FOR HOMES - MID-RISE
               KENNEDY HOMES SENIOR RESIDENT. WAYFINDING SYSTEM / INDIGENOUS TREES AT THE SITE                 ARTIST VIDEO PIECE                        ARTIST ELEVATOR PANEL  
                NORTH FACADE ALONG BROWARD BLVD. 
                SOUTH FACADE / SCALE SHIFT TOWARDS SAILBOAT BEND NEIGHBORHOOD
                SHADED PROMENADE                EXISTING NEIGHBOR BUILDING / MODULE
               KENNEDY HOMES SITE PLAN / 8.5 ACRES / 8 NEW BUILDINGS / 3 RENOVATED BUILDINGS FOR ADAPTIVE USE AS COMMUNITY SPACES
                 SOUTH FLORIDA MID-CENTURY MODERN REFERENCE 
         MODULAR SYSTEMS
SITE + LANDSCAPE
EXPANDED GREENSCAPE WITH PATHWAYS AND COURTYARDS
Kennedy Homes, Affordable Housing
9Bambooklet: A Guide to Bamboo
Bamboo is an exceptional material. It can grow in almost any climate, but it is native to the 
tropical and sub-tropical areas. Although it is a very light material, bamboo is stronger than 
steel in tension, and more resistant than concrete in compression. Bamboo can be used at 
any stage of its growth, from early stages as a food, paper, and clothes, to its later stages 
for furniture, scaffolding, and finally as a building material. 
As a plant, bamboo has remarkable ecological properties. It grows naturally without requir-
ing fertilizers or pesticides, and it can capture carbon from the atmosphere and release 
35% more oxygen than equivalent stand of trees. Additionally, because of its high nitrogen 
consumption, bamboo roots help mitigate water pollution by removing toxins from contami-
nated soil. And because bamboo regenerates within only two to three years - compared to 
trees that can take up to 10-20 years - it can serve as an alternative material to wood. In 
addition to its unique material characteristics, bamboo performs exceptionally well and sur-
vives under extreme conditions, such as fire, earthquake, cyclone, and even nuclear blasts, 
but also has the ability to prevent earth erosion, water run off, and mud slides. 
But above all, bamboo is a highly sustainable material, not only because of its exceptional eco-
logical properties, but also due to its socio-economic value. Because of its rapid growth, har-
vesting bamboo can be quite frequent and the return on investment comes much quicker. As 
a result, bamboo plantation projects are economically more appealing especially for farmers 
with little capital. In addition to that, because of its lightness and ease of handling, bamboo can 
serve as a social agent in creating jobs and empowering women in under-served communities.
Today, the complex nature of our problems – climate change, scarcity of our resources, 
and rapid urbanization - require a transdisciplinary approach. We need to re-think housing 
models, neighborhood typologies, energy and infrastructure, mobility and transportation, 
and finally building materials and construction technologies. In fact the building and con-
struction industry is a major contributor to climate change and a key player in sustainable 
development. According to the International Energy Agency, buildings account for up to 40 
percent of the total consumption of energy. But oftentimes a small-scale change, such as 
exploring materials and construction technologies, can have a larger impact on potentially 
addressing some of the pressing issues of our time. 
But despite all this, we still know relatively very little about bamboo. There are over 1500 spe-
cies of bamboo worldwide, yet the theoretical knowledge and practical application of bamboo 
have largely remained localized and have not been disseminated. Our research presents itself 
as a guidebook, which provides the basic introduction in using bamboo, and combines the con-
temporary knowledge on plantation, harvesting, treatment, and handling of bamboo, together 
with its application in construction and design. “BAMBOOKLET” promotes the application of 
bamboo as an ecological as well as socio-economic agent for sustainable growth and develop-
ment in low-income communities especially in the tropical and sub-tropical areas worldwide.  
Marta Anna Nowak
AN.ONYMOUS
Iman Ansari
AN.ONYMOUS
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Bamboo is the most diverse and primitive group of plants in the grass family, 
and has one of the highest rates 
of photosynthesis of any plant 
species in the world. The main 
structure of bamboo comprises of 
rhizomes, culms (canes) and culm 
branches (with leaves). There is a 
regular succession of nodes and 
segments in rhizomes, canes and 
branches.
Rhizomes
All bamboos spread via under-
ground rhizomes that are differ-
entiated in respect to their growth 
to two categories: clumping and 
running. In clumping bamboo 
the rhizomes tend to spread slow-
ly, only travel a few inches from 
the main plant and emerge from 
the ground as new culms, while 
in running bamboo the rhizomes 
may grow horizontally and spread 
widely underground several feet in 
many directions, grow new culms 
and break through the surface.
Culms (Canes)
Unlike trees, young new culms 
emerging from the ground will 
maintain their initial diameter 
their entire life. The height a new 
culm reaches in its first year will 
also be its final. Young plants de-
velop thicker and taller culms in 
subsequent seasons and reach 
maturity of size in 5 to 10 years - 
depending on specie and environ-
mental conditions. 
Branches
Branches and leaves are formed 
at the culm nodes, and they do 
increase in number each year on 
older culms. Young leaves regu-
larly replace older ones, however, 
since bamboo is evergreen the 
change of leaves is hardly notice-
able throughout the year. Bam-
boo is also incredibly adaptable to 
local environmental conditions. 
The habit of a particular species 
can vary considerably according 
to different planting sites.
ANATOMY OF BAMBOO
AND ITS INTERNAL STRUCTURE
© 3dham.com
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bamboo in respect to their growth 
pattern: “clumping” (sympodial) 
and “running” (monopodial). 
All bamboo types spread via un-
derground rhizomes. Clumping 
bamboo rhizomes tend to spread 
slowly, travel only a few inches 
from the main planting – expand-
ing the root mass gradually - and 
emerge from the ground as new 
culms. Running bamboo rhi-
zomes, on the other hand, may 
grow horizontally and spread 
widely underground several feet 
in many directions - creating a 
new tract of rhizomal net - grow 
new culms and break through the 
surface. Running bamboo spe-
cies are known for their tendency 
to spread, however the measures 
are depend on their species, soil, 
and climate conditions. On aver-
age a rhizome stolon will grow 
in length by 1 - 6 meters per year 
with an average life span of ten 
years. At irregular intervals the 
lateral buds produce single cane 
stems from which new canes grow 
upwards.  While monopodial 
bamboos - including the genera 
Phyllostachys and Pleioblastus 
- are usually found in temperate 
regions, the natural habitat for 
sympodial bamboos, like Bam-
busa, is tropical regions.9 Some 
species can send out runners of 
several meters a year, while others 
can stay in the same general area 
for long periods. Monopodial 
bamboos need to be taken care of 
in cultivation because of their po-
tential for aggressive and invasive 
behavior. If neglected, over time 
they can cause problems by mov-
ing into adjacent areas. 
WHAT IS BAMBOO? Bamboos are woody pe-rennial evergreen plants mainly grown and cul-
tivated in the tropics. Although 
a member of the grass family, 
bamboo’s strength, stability, and 
durability make it a dynamic and 
powerful product of nature. Bam-
boos are also the fastest growing 
plants on Earth. Because of their 
extensive rhizome-dependent 
system the growth rate can nor-
mally reach up to 60 cm within 
24 hour,1 and in some rare cases 
exceeding 121 cm (47.6 inches) 
within the same period.2 For ex-
ample the shoots of Bambusa 
tulda elongate at an average rate 
of 70 cm per day.3 
Bamboo’s  growth rate also de-
pends on the kind and quality 
of its soil and climate. In prehis-
toric times bamboo could grow 
up to 75 m (250 feet) high.4 To-
day some species of bamboo - like 
Dwarf bamboo – can only grow a 
few centimeters while other spe-
cies may reach a height of 20 to 
30 meters, and can grow up to 
30 cm in diameter.5 New bam-
boo culms achieve maturity and 
maximum strength in only three 
to four years. 
The rhizome systems (roots) are 
important to bamboo since they 
provide the nutriments to its 
culms, but they also allow bam-
boo to reproduce.6 The dense rhi-
zome system lies primarily on the 
top layers - within the top 6” to 
12” - of the soil.7 As a result, bam-
boo plays an essential role in soil 
stabilizing on the slopes and riv-
erbanks, preventing erosion and 
landslips, and therefore secur-
ing  the hydrological function of 
catchments and rivers.8 Bamboo’s 
roots also delay draining and 
soaking away of rainwater, serving 
as a natural moisture store.
There are two main categories of 
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TAXONOMY OF BAMBOO
Kingdom: Plantae
Division: Magnoliophyta
Class: Lili psida
Family: Poaceae
Subfamily: Bambusoideae
Supertribe: Bambusodae
Tribe: Bambuseae
In 1778 the Swedish botanist Carl von Linne, the father of modern taxonomy, named 
the bamboo species after the In-
dian word ‘Ma bu” or “Bambu.”
Throughout the worl  there are 
about 90 genera, and between 
1000 to 1500 different speci s of 
bamboo,1 64 perce t of which are 
native to Southeast Asia.2 Despite 
this, very little is known about 
the distribution and resources of 
bamboo. Certain bamboo species 
(e.g. Chinese Moso bamboo and 
Phyllostachys edulis) have formed 
the basis for major industrial de-
velopment and have been domes-
ticated into plantations. 
Perhaps about 50 to 100 bamboo 
species are preferred for use in 
construction and are undergoing 
some degree of domestication. 
However there are estimated to 
be nearly 1500 species in total. 
The vast majority of these oc-
cur only in their native ranges, 
and many may have uses of local 
or wider significance that have 
yet to be documented. Unfortu-
nately, as obligate components of 
forested ecosystems, their futures 
are bound up with the survival of 
their forest habitats.3
Description of bamboos has 
therefore remained an ongoing 
process to this day. Not only there 
are new species that remain to 
be discovered or described, but 
many earlier descriptions and 
classifications of species also need 
to be revisited or improved. With 
increasingly development in tech-
nology, and techniques of iden-
tification and classification, new 
discoveries and reclassifications of 
bamboo species will continue for 
some time. 
Bamboos can be found in diverse 
climates ranging from hot trop-
ics to cold mountains, however 
they prefer humid habitats of the 
cloud forest and low land tropi-
cal jungles. Most bamboo species 
grow at temperatures from -28°C 
to +50°C. They occur naturally 
on every continent except Europe 
and Antarctica but more com-
monly in the wide belt between 
the Tropics of Capricorn and 
Cancer. They inhabit East Asia 
starting at the 50°N latitude and 
growing down to North Austra-
lia, across India and Himalayas, 
sub-Sahara regions all the way to 
Northern and Southern America 
reaching the most southern point 
in Argentina at 47º S latitude. 
Bamboos can also be found at alti-
tudes of up to 3800 meters. Bam-
boos grow mainly on sandy loam 
to loamy clay soils. Although, 
they prefer well-drained soils and 
even grow in wet and muddy ar-
eas, bamboos do not tolerate sa-
line soils.1 (figure1)
More than 20 million tons of 
bamboo plant all over the world 
are harvested every year and close 
to three-fifths of it are in India and 
China.2 The remaining part is 
harvested in Latin America, sub-
Sahara region and small amounts 
in North America. In North 
America there are only three na-
tive species of bamboo in compar-
ison with 440 species that occurs 
in Latin America. 3 (figure2)
DISTRIBUTION
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This page illustrates some other ap-
plications of bamboo. Bamboo is be-
coming more popular in the western 
hemisphere, and the scope of its use 
has reached modern furniture, bicy-
cle, and even clothing. 
© Brano Meres Design© Anthony Marschak, Moden Bamboo
30 31
Due to its longitudinal fi-bers, freshly cut bamboos 
are very flexible. Although, after 
drying and treating bamboo be-
comes generally rigid, and this ri-
gidity increases with larger diam-
eter of bamboos, it is still used as 
an earthquake resistance agent.
The maximum flexibility of bam-
boo can be reached between 6-12 
months bamboo. This is also the 
best time to bend bamboo to cre-
ate curvy forms and domes. Once 
bamboo is dried it will maintain 
its form. 
More recently even bamboo 
culms are grown in non-circular 
frames – for instance squared or 
hexagonal – in order to achieve 
variation of form in cross section. 
This is said to allow for creation 
of better joints and connectors, 
as well as facilitating storage and 
transportation.
FLEXIBILITY &  VERSATILITY Bamboo is relatively a very light material – especially 
because of being hollow. This 
quality of bamboo makes trans-
portation much easier and more 
energy efficient. 
It also splits easily for weaving 
and is thus easy to handle even 
for women, and therefore a new 
mean of economy and labor.
Bamboo’s complex rhizome systems provide many ad-
vantages and various functions. 
The extensive rhizome network 
stitches the soil, prevents it from 
erosion and reduces soil com-
paction and hardening. The root 
systems may also prevent a water 
runoff and can hold up to twice as 
much water in the watersheds. It 
is therefore particularly useful in 
the fragile riverbanks, earthquake 
zones, and mud sliding areas.
LIGHTNESS
SOIL STABILIZING ROOTS
© nArchitects © Bamboo Land, QLD, Australia 
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Bamboo’s technical qualities a d lignifying cell construc-
tion appear to be quite similar to 
that f wo d. However, wood is 
much stronger in the middle parts 
and is weaker on the outer parts, 
whereas bamboo functions in the 
opposite manner: It is much hard-
er on the outer parts - compared 
to the middle parts - which makes 
it a better material for stable fiber 
structures especially in building 
construction.1
Bamboo is considered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, 
and a higher compressive strength 
than many mixtures of concrete.2 
While tensile strength is often 
said to decrease through the life 
span of bamboo – especially af-
ter 5-6 years of age, the compres-
sive strengt  grows ith age. In a 
structural test, 6-year-old culms 
showed 2.5 times the compression 
strength than that of one-year-old 
culms. 3
Bamboo’s darker outer zone is 
build up of densely packed fibers 
with tensile strength of three 
times stronger than the white 
inner zone. Therefore, bamboo 
tubes behave well at compres-
sion and unlike wood, no sudden 
buckling nor cracking occurs on 
tube walls when compressed. 
At the nodes however, the tensile 
strength is moderate since the fi-
bers run rowdy. The nodes, there-
fore, reduce the tensile strength of 
the culm. 
On the other hand, cane cut-piec-
es with nodes showed approxi-
mately 8 percent higher compres-
sion strength value compared to 
those without nodes. In tests with 
STBILITY & STRENGTH compression load perpendicular 
to the culm axis, the nodes cause 
strength values up to 45 percent 
higher than in tests with tube sec-
tions without nodes. 
Further, due to its hollow tube 
bamboo posses a much higher 
flexural strength (resist deforma-
tion under load) in comparison 
with the solid bar. Comparing 
bamboo with steel, bamboo ten-
sile strength is 28,00 pounds per 
square inch versus 23,000 pounds 
per square inch for steal.4 
However, shear fractures are the 
most frequent failures in bend-
ing tests. These are favored by 
drying cracks parallel to the culm 
axis. The internodes in which 
high shear stresses occur should 
therefore be filled with concrete. 
In case of shear failure, there will 
always remain a load-carrying ca-
pacity of the two halves.
Breaking behavior in wood also 
differs greatly from that of bam-
boo. In bamboo, unlike wood, 
there is no spontaneous break 
through the whole material after 
the tearing of a single fiber. The 
clefts are led off immediately in 
the direction of the fibers and 
therefore they impair the critical 
kN/cm Spruce Bamboo Steel (St 37)
Elastic Modulus 1100 2000 21000
Compressive Strength 4.3 6.2 - 9.3 14
Tension Strength 8.9 14.8 - 38.4 16
Bending Strength 6.8 7.6 - 27.6 14
Shearing Strength 0.7 2 9.2
BAMBOO STEEL SPRUCE
2
© Kitzo Technologies
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Friction-tight Rope Connections
2_Knot and Bolt Connection
Knot and Bolt method combines 
Friction-tight Rope method de-
scribed above a secondary inter-
locking element. A bolt is insert-
ed through a pre-drilled cane and 
is screwed at the end. In this case, 
the bolt transfers tractive and 
compressive forces.32 The holes 
cannot be made too close to the 
end of the cane since they might 
cause the culms to split. Also pre-
drilling is advised to avoid crack-
ing of the fibers. This method 
recommended for bamboos with 
greater diameter.33 
Carvings used in connecting bamboo pieces
With a cap With two caps Beveled cut Flute tip Fish mouth
Figure 0_0: Cutting process of bamboo pieces with one or two caps
a. b.
c. d.
© Abari.org
© Abari.org
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Marking the cut lines
Knot and Bolt Connections
Figure 0_0: Cutting process of bamboo pieces with beveled cut, flute tip, 
and fish mouth: The angel of the cut lines vary according to use.
Beveled cut Flute tip Fish mouth
Figure 0_0 (Above): An example 
of a friction-tight rope joint with a 
flute tip bamboo piece tied with 
organic ropes.
Figure 0_0 (Left): Two ways of 
connecting a beleved or flute tip 
bamboo piece with a wooden 
board or another bamboo.
7.a 7.b 7.c
3.a 3.b
5.a 5.b
4.a 4.b
6.a 6.b
© Abari.org
68 69
Marking the cut lines
Knot and Bolt Connections
Figure 0_0: Cutting process of bamboo pieces with beveled cut, flute tip, 
and fish mouth: The angel of the cut lines vary according to use.
Beveled cut Flute tip Fish mouth
Figure 0_0 (Above): An example 
of a friction-tight rope joint with a 
flute tip bamboo piece tied with 
organic ropes.
Figure 0_0 (Left): Two ways of 
connecting a beleved or flute tip 
bamboo piece with a wooden 
board or another bamboo.
7.a 7.b 7.c
3.a 3.b
5.a 5.b
4.a 4.b
6.a 6.b
© Abari.org
68 69
Marking the cut lines
Knot and Bolt Connections
Figure 0_0: Cutting process of bamboo pieces with beveled cut, flute tip, 
and fish mouth: The angel of the cut lines vary according to use.
Beveled cut Flute tip Fish mouth
Figure 0_0 (Above): An example 
of a friction-tight rope joint with a 
flute tip bamboo piece tied with 
organic ropes.
Figure 0_0 (Left): Two ways of 
connecting a beleved or flute tip 
bamboo piece with a wooden 
board or another bamboo.
7.a 7.b 7.c
3.a 3.b
5.a 5.b
4.a 4.b
6.a 6.b
© Abari.org
70 71
8.a 8.b
9.a 9.b
10.a 10.b 10.c
Knot and Bolt Connections
11.a 11.b
12.a 12.b
13.a 13.b
Example of knot and bolt con-
nections, often used with one an 
addition of one or two arms. The 
photo on the right illustrates the 
application the combination of 
these joint systems.
© Claudio Acioly
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14.a 14.b 14.c 14.d
15.a 15.b 15.d
16.a 16.b 16.c
17.a 17.b 17.c
Knot and Bolt Connections
15.c
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18.a 18.b
19.a 19.b
3_Positive Fitting
Positive Fitting is a traditional 
method often used in wood con-
nections. It is n t a popular meth-
od to practice with bamboo due 
to the geometric difficulties of the 
material. Holes of different kinds 
need to be cut into bamboo to al-
low for other bamboo culms fit 
and connect. 
20.a 20.b
20.c 20.d 20.e
Positive Fitting ConnectionSome bamboo joints, especially 
those with thinner walls or cut 
close to the end, may not be 
able to hold the weigh of another 
structure and break. (Figure 20.a 
and 20.b.)
In this case, often a smaller piece 
of another bamboo or a piece of 
wood is fitted inside to improve 
the strength of the joint. (Figure 
20.c to 20.e.)© Abari.org© Abari.org
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22.a 22.b
Positive Fitting Connection
21.b 21.c
18.21.
22.
23.a 23.b
24.b 24.c
23.
21.24. 18.
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22.a 22.b
Positive Fitting Connection
21.b 21.c
18.21.
22.
23.a 23.b
24.b 24.c
23.
21.24. 18.
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ECONOMY OF BAMBOO
 LOW-COST & INCOME GENERATION Harvesting bamboo can be quite frequent, and 
therefore return on investment 
comes much quicker compared 
to investment in tropical timber 
plantations for instance. As a re-
sult, bamboo community forest-
ry projects are economically more 
attractive, especially for small 
farmers with little capital. 
Also, in rural development, there 
is a considerable potential for 
bamboo’s use in projects aimed 
at providing sustainable econom-
ic opportunities for the poor. The 
high yield capability makes bam-
boo a good cash crop for income 
generation, and therefore a good 
investment development especial-
ly in rural areas.
Bamboo’s cost is usually very low 
because it is widely available in 
the regions where it grows natu-
rally, and also it can grow in poor 
quality and overgrazed soil with 
poor agricultural techniques. In 
most countries where Bamboo is 
grown it is available for less than a 
US Dollar per culms.
Bamboos play an important role 
in local economies and their na-
tional and international commer-
cial value is increasingly growing 
especially in the Asia-Pacific re-
gion. Bamboos are multipurpose 
crops, with more than 1,500 doc-
umented uses. 
According to INBAR, more than 
2.5 billion people trade in or use 
bamboo worldwide. Domestic 
trade and subsistence use of bam-
boo are estimated to be worth 
US$ 4.5 billion per year. Global 
export of bamboo generates an-
other US$ 2.7 billion. 7Figure 0_0: The cost-analysis below 
illustrates the costs required to set 
up and maintain a bamboo factory in 
Indonasia.
- Environmental Bamboo Foundation “Ver-
tical Soak and Diffusion; For Bamboo Pres-
ervation.” Ubud, Bali. 2003  
FINANCING BAMBOO
© Hedi LaBel
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Bamboo has a high content of silicate in the outer skin 
and high density, which make 
it a good fire resistant material. 
Bamboo’s fire resistance can also 
be increased by filling the culm 
with water. Bamboo culm can 
stand temperature up to 400Co 
while the water inside the culm is 
boiling.  9
Bamboo can also be used as a 
windbreak, a noise and climate 
buffer,
Bamboo is an extremely re-silient material. Bamboo 
plants managed to survive the nu-
clear blast at Hiroshima at a point 
closer to ground zero than any 
other life form. 10 More recently, 
houses constructed of Guadua 
bamboo are designed to fight the 
often-deadly Costa Rican earth-
quakes. 11 The houses that were 
in the epicenter of 7.6 magnitude 
rector scale earthquake survived 
without any damage in Costa 
Rica.12
WATER & FIRE 
RESISTANCE
EARTHQUACK & CYCLONE
RESISTANCE
400o C
150o C H2O
Figure_0.0: Fire resistance of  a 
bamboo cane filled with water
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raw material, and in some of these 
countries wood has gone beyond 
the reach of the low-income hous-
ing. 
In these areas bamboo could be 
a viable option or an alternative 
to wood. During disasters in de-
veloping countries, the general 
tendency is that affected people 
build temporary shelters nearby 
forest by cutting trees, which is 
environmentally and economi-
cally not a good option.
As a feasible substitute, bamboo 
could control indiscriminate cut-
ting of rainforest trees. Bamboo 
can also help re-establish habi-
tat for a large number of insects, 
birds and animals that have been 
displaced. 
In Costa Rica, 1000 houses of 
bamboo are built annually with 
material coming only from a 
60-hectare bamboo plantation. If 
they were to use timber, it would 
require 500 hectares of the di-
minishing rainforests.17 One 
clump can produce 200 poles in 
the three to five years.18
By establishing bamboo planta-
tions and growing bamboo on a 
bigger scale the implications of 
using bamboo abilities to pro-
duce more oxygen than a stan-
dard three and to reduce not only 
carbon but also the green houses 
gas emission can help in mitigat-
ing a problem of climate change/
pollution. 
Because of its sustainable values 
it could “realistically replace and 
supplement tropical threes in 
many industries that are facing 
raw material shortages.” 19
(Endnotes)
1 bambus.rwth-aachen.de/eng/reports/mechanical_
properties/referat2.html
2 http://www.frim.gov.my/seminar/BAMBOO/
BambooFacts.pdf
3 http://images.google.it/imgres?imgurl=http://
www-users.rwth-aachen.de/Christoph.Toenges/
pix/aequatorbereich.jpg&imgrefurl=http://
www-users.rwth-aachen.de/Christoph.Toenges/
pagesEN/intro.html
4 INBAR.com?
5 Determination of physical and mechanical 
properties of bamboo
6 conbam
7 INBAR 1999
8 Laroque
9  http://www.rainforestinfo.org.au/good_wood/
bamboo.htm\
10 http://www.rainforestinfo.org.au/good_wood/
bamboo.htm
11 http://www.rainforestinfo.org.au/good_wood/
bamboo.htm
12 http://www.bamboocentral.org/whybamboo.html
13 http://74.125.95.132/search?q=cache:Ub
ik3gTYonQJ:assets.panda.org/downloads/
ecuadorbambooinitiative.pdf+bamboo+in+ecuador
&cd=1&hl=it&ct=clnk&gl=it
14 http://www.mastergardenproducts.com/
sustainablelandscape/bambooenvironment.htm
15 http://www.bamboocentral.org/whybamboo.html
16 www.ptbambu.com/why-bambu
17 INBAR
18 INBAR?
19 http://www.mastergardenproducts.com/
sustainablelandscape/bambooenvironment.htm
VS.  BAMBOOWOOD
SUSTAINABILITY
© Wettrwald M.F., Environmental Bamboo Foundation
Due to its longitudinal fibers, freshly 
cut bamboos are very flexible. 
Although, after drying and treating 
bamboo becomes generally rigid, 
and this rigidity increases with 
larger diameter of bamboos, it 
is still used as an earthquake 
resistance agent.
Harve ing bambo  an be quite 
frequent, and th refore return 
on investm nt co e   quicly. As 
a result, bamboo community 
forestry  projects are economically 
more attractive, especially for small 
farmers with littl  capital.
Improperly harvested bamboo, 
regardless of the species, can 
survive only between 2 to 5 
years before being deteriorated 
by insects.  Overlooking this 
fundamental issue can cause rapid 
deterioration of the buildings.
REGIONAL CONCERNS
The tropical conditions of the subtropical region 
requires different formal and structural systems
in building development. Heavy rains and sunlight are 
among the signifact charactristics of the region, which 
urges a different rationality in building developmments. 
Among the most crucial aspects are roofs and 
coverings. With the growing concerns on issues of 
sustainablity and golbal warming, it is important to 
rethink different ways of ventilating and shading, as well 
as consuming and producing energy in the building. 
The building takes full advantage of the energy with the 
roof machine. It uses the sliding roof for shading, which 
essentially cools down the space. It also collects the 
water from the rain and directs it to an area for proper 
use. The form of the strcuture along with the shading 
will allow of a cooling system, which direct the wind-air 
from the jungle, in and out of the building. This system 
becomes even more effective when its raining since the 
roof structure is also filled with water.
ROOF MACHINE
The idea of roof machine was invented after series 
of analysis on the natural conditions of the tropical 
areas, and the characteristics of bamboo as a potential 
structural material. The aim was to design a natural 
moveable roof that can protect the space from sunlight 
and rain, and at the same time collect water and allow 
for ventilation. The roof machine consists of series of 
bamboo cut in half, which are then inverted offset and 
coupled. The pieces are then connected by a simple 
joint that allows circular movement of the pieces. A 
long piece of metal connects the joints through the 
piece and reaches the barring wall. there are railings 
placed inside the wall which allow the roof to move in 
either direction. This area also consists of a channel for 
collecting and removing the water from the roof. 
BAMBOO SYSTEMS
As sustainable material, bamboo can serve different 
functions both formally and structurally. The internal 
structure of the material can serve as a water barrier 
or container as it did in the Roof Machine. However, 
the external structure of the material as a strong linear 
material can be used for different purposes. The 
Bamboo pieces can be connected to eachother from 
the ends trhough a system of joints, which will allow 
infinite variation and flexibility. The joint can connect up 
to six different Bamboos together. The system can form 
a structural skin, and grow in different directions. The 
system can also be used as a space frame.
Bamboo that is not treated will be 
destroyed by insects in a short 
period of time. The decision of 
not treating the bamboo before 
construction can turn out costly in 
a long run.
One of the reasons mold appears 
on bamboo culms is because the 
culms were not dried properly. 
Drying bamboo is as crucial as 
proper as harvesting and treating 
of bamboo. Once bamboo is dried 
it becomes more stable than wood. 
The minimum training should enable people 
to avoid some basic mistakes in bamboo 
construction. Standards about building with 
bamboo are still missing, which impedes 
application and use of bamboo in countries 
with strict technical regulations.
Due to worldwide attention and promotion, 
bamboo has started to become a 
contemporary, popular, and highly marketable 
material. Since bamboo products, have come 
into the market, the image of bamboo as a 
“poor man’s material” is being transformed to 
one that is contemporary and trendy.
Bamboo has a high content of 
silicate in the outer skin and high 
density, which make it a good fire 
resistant mat rial. Bamboo’s fire 
resistance can also be increased 
by filling the culm with water.
Bamboo is an extremely resilient 
material. Bamboo plants managed 
to survive the nuclear blast at 
Hiroshima at a point closer to 
ground zero than any other life 
form.
The ecological advantages of 
using bamboo seem endless. 
Bamboo can capture carbon from 
the atmosphere an  replace it with 
the xyg n at about 4000 pounds 
of carbon per hectare per year.i It 
stands release 35% more oxygen 
than equival nt stand of trees.
A bamboo house will last as long or 
longer than any conventional wood 
framed building. In Japan, bamboo 
structures have a history f lasting 
200 years. In Vietnam, bamboo 
structures built with untreated 
bamboo poles are over 50 years old.
Bamboo is relatively a very light 
material – especially because of 
being hollow. This quality of the 
ma erial makes transportation 
much easier and more energy 
efficient. It also splits easily for 
weaving and is thus easy to handle 
even for women.
Bamboo is co sidered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, 
and a higher compressive strength 
than many mixtures of concrete.
Bamboo i  considered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, and 
a higher compressive strength.
The extensive rhizome network 
stitches the soil, prevents it 
from erosion and reduces soil 
compaction and hardening. The 
root systems may also prevent 
a water runoff and can hold up 
to twice as much water in the 
watersheds. 
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CONSTRUCITION RELATED 
PROBLEMS
BAMBOO IS NOT MATURE ENOUGH 
OR NOT HARVESTED PROPERLY
Improperly harvested bam-boo, regardless of the species, 
can survive only between 2 to 5 
years before being deteriorated by 
insects.  Overlooking this funda-
mental issue can cause rapid de-
terioration of the buildings. The 
most common insect is the pow-
der beetle (Lyctid borer larvae) 
that is attracted by the high starch 
content of improperly harvested 
bamboo.1
The age of the culm is also very 
important to determine the great-
est strength for bamboo construc-
tion. There are a number of ways 
for recognizing the age of bam-
boo and therefore choosing the 
right ones. 
As bamboo grows older it chang-
es color from green to yellow to 
brown or sometimes even black. 
Young bamboo canes at around 
the age of one are characterized 
by their emerald green color, and 
their sheaths just beginning to fall 
off. Older bamboos of age two or 
three appear with white spots of 
fungus or mould on the outside 
of their culm, which indicate the 
beginning of lichens. At five to six 
years those lichens are clearly vis-
ible.3 
Branches also tell th  age of a 
bamboo plant. Every year each 
bamboo culm loses its branches, 
replacing them with new ones. 
Older bamb os tend to lose their 
strength and become more vul-
nerable to attacks by insects from 
the inside. These infections are 
therefore difficult to detect from 
the outside. 
Bamboos growing on hill slopes 
tend to be stronger compared to 
those grown in valleys. Also bam-
boos that grow in shoddier dry 
soils tend to be more solid than 
the ones that grow in rich soils. 
For instance, the strongest species 
of Guadua angustifolia grow at 
the elevations between 900-1800 
in Colombia, whereas the same 
species in Ecuador has much low-
er strength characteristics.4
The height, thickness, and diam-
eter of bamboos are also helpful 
measures in determining their 
strength and suitability for con-
struction. 
Height of bamboos can be de-
termined in species over 5cm in 
diameter by multiplying the base 
circumference by 58.2. If culms 
are found to have a ratio of less 
than 58.2 the bamboo is of lesser 
quality.5
Harvesting should be conducted 
at the intervals of two to five years 
depending on the climate and 
bamboo species. Only 30 % of 
mature canes are harvested and 
the remaining ones are respon-
sible for supporting the young 
shoots and maintaining the roots 
network.6 
The best seasons for harvesting 
bamboo are autumn and win-
ter in the subtropics and the dry 
season in the tropics. Protecting 
bamboo from moisture and heavy 
rain would prevent it from being 
attacked by fungi or insects. Pick-
ing bamboo immediately before 
the rainy season may also cause 
damage to the new shoots. There-
fore it is advice to harvest bamboo 
a couple of months prior to the 
rainy season.
Figure 0_0: Bamboo’s process of growth and change of color.
© M. Iman Ansari
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Bamboo’s importance to our social and economic wellbe-
ing may be self-evident but, sur-
prisingly, we still know relatively 
very little about most bamboo 
species. The theoretical knowl-
edge and practical skills on bam-
boo have largely remained loc l-
ized and are not disseminated. 
The building and construction in-
dustry is considered a major con-
tributor to climate chang , and a
key player in sustainable develop-
ment, with the potential to signif-
icantly impact the environment in 
both positive and negative terms. 
According to the International 
Energy Agency, buildings account 
for 30 to 40 percent of energy u e 
worldwide. The construction in-
dustry consumes over 3 billion 
tons of raw materials each year 
(40% of total global use.)  
With the growing concerns over 
the issues of global warming and 
climate change, the need to real-
ize the vital impact and our global 
responsibility in the consumption 
and ven producti  of rene able 
energy becomes not only a vital 
necessity, but a moral imperative. 
UN-HABITAT recognizes its im-
portant role and influence on the 
development of policy guidelines 
for decision makers, Ministries of 
Housing and local authorities to 
inform policy planning nd im-
plementation at national and lo-
cal level. On this basis, the ‘Shel-
ter Initiative for Climate Change 
Mitigation and Adaptation’ (SIC-
CMA) was jointly d veloped -
tween UN-HABITAT.
The overall goal of the Shelter 
Initiative for Climate Change 
Mitigation and Adaptation (SIC-
CMA) is to encourage the use 
of low-cost energy-efficient and 
sustainable building materials 
and construction technologies, 
green building and neighborhood 
design in order to mitigate and 
adapt to the new conditions of 
climate change.
With its natural, structural, cul-
tural, and economic qualities, 
bamboo proves to be an excep-
tional s stainable building mate-
rial that can not only contribute 
to r duce the consumption of 
renewable energy, encourage 
sustainable development, but 
also play a great role in mitigat-
ing global warming and climate 
change. This handbook provides 
the basic introduction in the use 
of bamboo, its theoretical impli-
cations and practical applications 
as a low-cost energy efficient sus-
tainable building material. 
CONCLUSION
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through the piece  and reaches 
the barring wall. there are railings 
placed inside the wall which allow 
the roof to move in either  direc-
tion. This area also consists of a 
channel for collecting and remov-
ing the water from the roof. 
BAMBOO SYSTEMS 
As sustainable material, bamboo 
can s rve different functions both 
fo mally nd struct rally. The n-
ternal structure of the 
material can serve as a water bar-
rier or container as i  did in the 
Roof Machine. H wever, the ex-
ternal structure of the material as a 
strong lin ar material can b  used 
for different purposes. The Bam-
boo pieces can be connected to 
eachother from the ends tr ough 
a system of joints, which will al-
low infinite variation and flexibil-
ity. The joint can connect up to 
six different Bamboos together. 
The system can form a structural 
skin, and grow in different direc-
tio s. The ystem can also be used 
as a space frame. 
The roof system can be mple-
mented in two different ways, for 
different costs and possibly differ-
ent means of  income. A rope sys-
tem is therefore a low-income al-
ternative to the roof machine that 
does not require the sophisticated 
joint system, and can instead op-
erate with organic ropes.
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ROOF MACHINE
Nueva Loja, Ecuador - 2006
The tropical conditions of the region requires differ-
ent formal and structural systems 
in building development. Heavy 
rains and sunlight are among the 
signifact 
charactristics of the region, which 
urges a different rationality in 
building developmments. Among 
the most crucial aspects are roofs 
and coverings. With the growing 
concerns on issues of sustainablity 
and golbal warming,  it is impor-
tant to rethink different ways of 
ventilating and shading, as well as 
consuming and producing energy 
in the 
building. 
 
 
Regional Concerns 
The building takes full advantage 
of the energy with the roof ma-
chine. It uses the sliding roof for 
shading, which essentially cools 
down the space. It also collects the 
water from the rain and directs 
ROOF MACHINE 
The idea of roof machine was 
invented after series of analysis 
on the natural conditions of the 
tropical areas, and the character-
istics of ba boo as a  potential 
structural material. The aim was 
to design a natural moveable roof 
that can pro ect the space 
from sunlight and rain, and at the 
same time collect water and allow 
for ventilation. 
The roof machine consists of series 
of bamboo cut in half, which are 
then inverted offset and coupled. 
The pieces are then connected by 
a simple joint that allows circular 
movement of the pieces. A long 
piece of metal connects the joints 
it to an area f r proper use. The 
form of the strcuture along with 
the shading will allow of a cooling 
syst m, which direct the wind-air 
from the jungle, in and out of the 
building. This system becomes 
even more effective when its rain-
ing since the roof structure is also 
filled with water.
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through the piece  and reaches 
the barring wall. there are railings 
placed inside the wall which allow 
the roof to move in either  direc-
tion. This area also consists of a 
channel for collecting and remov-
ing the water from the roof. 
BAMBOO SYSTEMS 
As sustainable material, bamboo 
can serve different functions both 
formally and structurally. The in-
ternal structure of the 
material can serve as a water bar-
rier or container as it did in the 
Roof Machine. However, the ex-
ternal structure of the material as a 
strong linear material can be used 
for different purposes. The Bam-
boo pieces can be connected to 
eachother from the ends trhough 
a system of joints, which will al-
low infinite variation and flexibil-
ity. The joint can connect up to 
six different Bamboos together. 
The system can form a structural 
skin, and grow in different direc-
tions. The system can also be used 
as a space frame. 
The roof system can be mple-
mented in two different ways, for 
different costs and possibly differ-
ent means of  income. A rope sys-
tem is therefore a low-income al-
ternative to the roof machine that 
does not require the sophisticated 
joint system, and can instead op-
erate with organic ropes.
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Materials Investigations
Materials understanding is becoming more directly linked to architectural prac-
tice and to architectural education. Large-scale mock ups, prototypes of portions 
of assemblies, and design-build academic programs connect design decisions to 
understanding specific material properties. Tactile and visual qualities of a material 
are but a small fraction of the information regarding building materials that is avail-
able to and useful to designers and students. 
We see our materials database and research projects as a bridge that connects 
students with area professionals on matters of innovative materials and sustain-
able materials.  We receive little internal funding and therefore must seek grants 
for particular research projects. We have completed an analysis across twenty 
sustainable criteria for eight material applications for a new day care building. This 
work allowed the architects and building owner to select the materials that best 
aligned with project’s specific sustainability priorities. We are currently completing 
a carbon analysis for an office building under construction and tracking the carbon 
emissions used in the construction of the building including: manufacturing and 
transportation of building materials, waste, on site energy, and transportation of 
workers. This analysis will allow the developer client to be more strategic with car-
bon emissions for future projects.
We have also documented and cataloged building materials made within 500 miles of 
our city in order to serve as a resource to area professionals doing work in the area. 
We have also recently completed a database of local manufacturers and fabricators; 
this is a valuable resource to our students as well as area architects and designers. 
Additional programs that connect students with area professionals include: 
monthly materials newsletters, lectures, exhibits, and tours of local manufactur-
ing sites. Part of our mission is to get students excited to know more about building 
materials and their visual and tactile qualities. We also know that we have a respon-
sibility to increase their technical understanding of materials and the implications of 
their material choices on this fragile environment. 
Donna Kacmar
University of Houston
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Skin Treatment: Subcutanious and 
Superficial Enhancements to a Legacy 
Curtain Wall
This paper coincides with the completion of the actual project for the south and 
west facades of a 20,000 sf two-story office building in suburban Baltimore origi-
nally completed in 1961.
‘Skin Treatment’ will look at a project for the curtain wall of 1961 office building in 
suburban Baltimore. It is an ordinary building of its period with ordinary problems 
like poor thermal and solar performance and a general need for TLC. As a child of 
the 60’s this building exhibits a visual composition of solids and voids rooted in the 
international style and implemented globally in the postwar years in which the voids 
in the style’s compositional binary are broadly translated into building systems as 
a curtain wall.  While the iconic flat roof and its attendant leaks might have taken 
the brunt of the early building systems criticism of the modern movement, EPDM 
and other membranes have settled this issue leaving a more significant legacy of 
problems presented by the ubiquitous single pane, non-thermally broken aluminum 
curtain wall for today’s building owners and designers to wrestle with. 
In looking at the legacy curtain wall, one is caught between the ongoing expense 
of ‘fueling’ the solution to the underperforming curtain wall through the continuous 
operation of the buildings mechanical systems or of ‘grafting’ a new insulation rich 
skin which will likely alter the patient/building beyond recognition. Sustainability, 
not to mention energy codes limits the first option and an appreciation of modern-
ism or at least its historic significance as it passes the 50 year mark is cause for 
concern with the second option.
‘Skin Treatment’ involves both ‘subcutaneous’ and ‘superficial’ modifications to the 
building which address both the performance and the image of the legacy curtain 
wall. The ‘subcutaneous’ enhancements take place beneath the skin and include 
the application of additional low ‘e’ glazing, sealant and insulation producing signifi-
cant gains in the systems thermal performance including a tripling of the buildings 
‘R’ value equating to a 20% energy savings for the building overall. The ‘superficial’ 
and arguably more interesting of the performance enhancements take place above 
the skin in the form of a perforated metal rainscreen.  The rainscreen both leaves 
the legacy curtain wall intact in an act of preservation and shades the surface of 
the building from direct solar gain. The act of penetrating one façade to support 
another provides the designer opportunities to reconfigure the building appearance 
as a form of aesthetic renewal that preserves rather than erases the original skin 
off the building.
The ‘skin treatment’ is presented as a sensitive approach to one of Modern 
Architectures common ailments not only with regards to improved comfort and per-
formance, but also sensitive to what it doesn’t require including the need to dispose 
of an existing system or purchase a new one.
Gabriel Kroiz
Morgan State University
Pavlina Ilieva 
Morgan State University
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Learning from Environmental Energies and 
Building Form in the Gulf Region
This project presents a recent architectural design studio experience in which students in the 
Middle East were asked to design a Scientific Research Facility in the desert oasis city of Al 
Ain in the United Arab Emirates. 
Coupled with a seminar entitled, Environmental Energies and Building Form, the studio inves-
tigated vernacular habitation patterns and craft of ancient desert dwellers in order to develop 
techniques for inhabiting this harsh environment.
In contrast to the incredibly incongruous development patterns of contemporary Emirati 
urban environments such as Dubai and Abu Dhabi, students recognize and appreciate the lost 
cultural and building traditions that were lost due to a shift from maritime industries to oil pro-
duction. These building techniques have been examined and reinterpreted to align with mod-
ern construction and ways of living.
To frame this investigation, hybrid conceptual models were created. Rooted in the process of 
making, the models are hybrid in nature because they are roughly the size and scale of the 
assigned building program but unlike an architectural model, they are not meant to represent 
larger architectonic assemblies. 
Students are asked to imagine a construction partially authored by the site; and in so doing, cre-
ate a proposal that is extremely site specific and therefore inherently sustainable. The “graining” 
of the landscape or the fabric of the natural context is revealed as an ordering system that is not 
constrained by the limitations of imagining their projects, first and foremost, as buildings.
The process allows students not only to challenge counterintuitive notions of sustainability 
but also forces them to make things with their hands and bodies. Students engage in craft at 
a large scale; one that allows them to understand the muscular memory of making something 
that moves beyond an intellectual exercise alone.  
The vernacular techniques examined have allowed people to exist in the region for tens of thou-
sands of years and include courtyard house typologies, Arish (palm) construction, Bedouin 
weaving, Mashrabiya screens, Dhow boat-making, sand baffles, sewing of lateen sails, wind 
towers, qanat tunnels, and falaj channels, to name a few.
Through a variety of modeling approaches such as soldering, welding, casting concrete, work-
ing with carpentry tools, or CNC routers, the students create an objet d’art that stands auton-
omously to reveal and reconcile site forces such as sun direction, prevailing winds, watershed 
and erosion, ecological patterns, and zoning/contextual constraints. The piece establishes 
sensibilities in solving site strategy, programmatic configuration, building systems, form, and 
materiality. 
Beginning with orthographic projection, architectural drawings are produced that encode pro-
grammatic relationships and an architecture emerges from these sensibilities that aspires to 
be both environmentally sensitive while maintaining cultural authenticity.
Joe Colistra
University of Kansas
Nilou Vakil 
University of Kansas
16
EAST ELEVATION 1:75
HOUSING UNIT TYPE A
AXONOMETRIC
NORTH ELEVATION 1:75
Hybrid constructions based on beggar’s bowl
Hybrid constructions based on bedouin tent
Research Facility Site, Al Ain, UAE
The students investigated 
vernacular habitation patterns 
and craft of ancient desert 
dwellers in order to relearn 
techniques for inhabiting this 
harsh environment.
In contrast to the incongruous 
development of contemporary 
Emirati urban environments, 
students recognize and 
appreciate the lost cultural and 
building traditions that were 
Learning from Environmental Energies and Building Form in the Gulf Region
Students in the Middle East were asked to design a Scientific Research Facility 
in the desert oasis city of Al Ain in the United Arab Emirates. 
lost due to a shift from maritime 
industries to oil production. 
To frame this investigation, 
hybrid conceptual models were 
created. Rooted in the process 
of making, students are asked 
to imagine a construction 
partially authored by the site. 
In so doing, they create a 
proposal that is extremely 
site specific and  inherently 
sustainable. 
The ‘graining’ of the landscape 
or the ‘fabric’ of the natural 
context is revealed as an 
ordering system that is not 
constrained by the limitations 
of imagining their projects, first 
and foremost, as buildings.
Students engage in craft at a 
large scale; one that allows 
them to understand the 
muscular memory of making 
something that moves beyond 
an intellectual exercise alone.
The vernacular techniques 
examined have allowed people 
to exist in the region for tens of 
thousands of years and include 
courtyard house typologies 
(                    ), Arish (       ) 
construction, Bedouin weaving 
(             ), Mashrabiya screens 
(         ), Dhow boat-making 
(               ), sand baffles 
(        ), sewing of lateen sails 
(         ), wind towers (         ), 
qanat tunnels (       ), and falaj 
channels (                ), to name 
a few.
Through a variety of modelling 
and construction techniques, 
they reveal and reconcile site 
forces such as sun direction, 
prevailing winds, watershed 
and erosion, ecological 
patterns, and zoning/contextual 
constraints.
An architecture emerges from 
these sensibilities that aspires 
to be both environmentally 
sensitive while maintaining 
cultural authenticity.
Site model being routed for hybrid constructions
Learning from Environmental Energies
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Mining Landscapes of Waste: Finding 
Imaginative Potential in Discarded  
or Salvaged Materials
Our planet requires designs and construction methods that are energy efficient, 
environmentally stable, and socially responsible.  Collaborative design teams of 
architects, engineers, consultants, and clients recognize typical construction 
activities consume enormous amounts of resources and produce vast quantities of 
waste.  As the EPA reports, “building construction, renovation, use, and demolition 
together constitute about two-thirds of all non-industrial solid waste generation in 
the U.S.” This presents opportunities to think and design outside the typical recy-
cled and/or newly manufactured environmentally friendly material palettes often 
considered the go-to wheelhouse for sustainability.
What if scrap materials, re-appropriation of salvaged materials, and typical soil 
spoils from excavation become inspiration? The volume of waste and how waste can 
be appropriated represents both stewardship of material economy and the resultant 
eclectic composition of found and/or reconditioned objects providing a unique com-
bination of aesthetics and functionality. Research, experimentation, and physical 
design projects can demonstrate novel ways of using salvaged materials or bi-prod-
ucts. Declining and decaying landscapes can be reimagined through the function-
alism and aesthetic nature of salvage-based design. Pedagogical approaches can 
introduce students and frame an understanding of the inspirational potential for sal-
vaged materials, reducing waste, and addressing compound climate changes.
Designers in the twenty-first century are becoming increasingly aware of the long-
term costs of consumption and waste in the building industry.  They are not alone. 
There is an emerging consciousness of the global societal costs of our dirty little 
habit of mindlessly throwing things away.  Faculty and students at The University of 
Oklahoma have exercised theory into practice by designing and constructing various 
projects from mining landscapes of waste into inhabitable spaces.  Reclaimed wood, 
salvaged acrylic, and earthen construction practices were catalysts allowing multi-
disciplinary collaborative teams opportunities to explore design concepts and mate-
riality at full-scale, benefiting both students and the local community. The approach 
of sustainability as infectious to all phases of design and construction has led to 
three collaborative projects:  [1] 2012 CASA Playhouse, [2] current construction of 
a Compressed Earth Block residence with Habitat for Humanity, [3] and the develop-
ment of an interactive database for regional salvaged materials. This paper explores 
recent advancements in design and construction pedagogy of the aforementioned 
projects, demonstrating imaginative potential for reusing existing materials.
Daniel Butko
University of Oklahoma
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Embedded Hydrologies - Combatting Water 
Scarcity through Local Water Capture
In a situation of rapid environmental change and resource insecurity, socially disadvantaged 
groups are often increasingly marginalized by unequal access to state infrastructure.  In the 
Aral Sea crisis, an iconic example of unsustainable water management, subsistence farm-
ers and fishermen whose livelihoods are threatened by desertification also lack the political 
and economic power to improve their own water access in the existing distribution systems. 
However, not only does the existing transboundary water network enable uneven distribution; 
a survey of the farmers’ own perspectives reveal that cultural values associated with water 
and its use are influenced by the local visibility of water.  Recognizing mechanisms in the 
everyday environment that prevent or promote water sharing can lead to more ecologically-
sensitive urban design.  A design method that draws upon local knowledge and materials to 
harvest water can empower disadvantaged communities and improve human relationships to 
the vital resource of water.
The “death” of the Aral Sea in Central Asia - which shrank from 68,000km3 to 5,000km3 in 
forty years - is primarily caused by water diversion for agriculture.  The extensive irrigation 
infrastructure, built to enable prosperous industrial farming under Soviet rule, now facilitates 
water trade amongst former Soviet states with dams, reservoirs and canals regulating the 
movement of water to each country according to agreed quotas.  Downstream communities 
rely on a distant water source and its uncertain flows through contested geopolitical spaces 
for their water supply.  Individuals with political or financial power may improve their own 
water access priority using private pumps, and a cultural memory of water abundance associ-
ated with modern technology motivates this practice.
An alternative to the control and allocation of water resources is a model for local water harvest-
ing, embedded in the materiality of the built environment.  Creating a water-sensitive urban fabric 
that can empower local communities begins with a close scrutiny of water in the everyday envi-
ronment and its impact on how scarcity is locally experienced.  For rural groups in the Aral basin, 
linear systems of water delivery through modern infrastructure conflict with traditional beliefs of 
water as a God-given gift and a shared responsibility; far from limiting water use, consumption 
patterns are exacerbated by religious values that free-flowing water in the canals should not be 
wasted or left to evaporate. Sociological studies indicate that a mentality of water-saving is chal-
lenging to endorse in the absence of water storage spaces within the community.
Vernacular examples from this region of ancient oases show that water can be captured, fil-
tered and distributed through urban material interfaces to create cities with self-sustainable 
water cycles.  Traditional building technologies and nature-inspired material systems interact 
directly with climactic forces and are capable of harvesting atmospheric moisture and retain-
ing water, holding tremendous potential to restore local water sources. 
By increasing the visibility of water in the urban landscape and fostering more intimate con-
nections to the dynamic water processes, this can not only augment local water access, but 
can promote better water stewardship.
Miriam Ho
University of Waterloo
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Embedded Hydrologies
Combatting Water Scarcity through Local Water Capture
In a situation of rapid environmental change and resource insecurity, 
socially disadvantaged groups are often increasingly marginalized by 
unequal access to state infrastructure.  In the Aral Sea crisis, an iconic 
example of unsustainable water management, subsistence farmers and 
fishermen whose livelihoods are threatened by desertification also lack 
the political and economic power to improve their own water access in 
the existing distribution systems.  However, not only does the existing 
transboundary water network enable uneven distribution; a survey of 
the farmers’ own perspectives reveal that cultural values associated with 
water and its use are influenced by the local visibility of water.  Recognizing 
mechanisms in the everyday environment that prevent or promote water 
sharing can lead to more ecologically-sensitive urban design.  A design 
method that draws upon local knowledge and materials to harvest 
water can empower disadvantaged communities and improve 
human relationships to the vital resource of water.
The “death” of the Aral Sea in Central Asia—which shrank from 68,000km3 
to 5,000km3 in forty years—is primarily caused by water diversion 
for agriculture.  The extensive irrigation infrastructure, built to enable 
prosperous industrial farming under Soviet rule, now facilitates water 
trade amongst former Soviet states with dams, reservoirs and canals 
regulating the movement of water to each country according to agreed 
quotas.  Downstream communities rely on a distant water source and 
its uncertain flows through contested geopolitical spaces for their water 
supply.  Individuals with political or financial power may improve their own 
water access priority using private pumps, and a cultural memory of water 
abundance associated with modern technology motivates this practice.
An alternative to the control and allocation of water resources is a 
model for local water harvesting, embedded in the materiality of the 
built environment.  Creating a water-sensitive urban fabric that can 
empower local communities begins with a close scrutiny of water in the 
everyday environment and its impact on how scarcity is locally experienced.  
For rural groups in the Aral basin, linear systems of water delivery 
through modern infrastructure conflict with traditional beliefs of water 
as a God-given gift and a shared responsibility; far from limiting water use, 
consumption patterns are exacerbated by religious values that free-flowing 
water in the canals should not be wasted or left to evaporate.  Sociological 
studies indicate that a mentality of water-saving is challenging to endorse in 
the absence of water storage spaces within the community.
Vernacular examples from this region of ancient oases show that water 
can be captured, filtered and distributed through urban material interfaces 
to create cities with self-sustainable water cycles.  Traditional building 
technologies and nature-inspired material systems interact directly with 
climactic forces and are capable of harvesting atmospheric moisture and 
retaining water, holding tremendous potential to restore local water 
sources.  By increasing the visibility of water in the urban landscape 
and fostering more intimate connections to the dynamic water processes, 
this can not only augment local water access, but can promote better 
water stewardship.
[1] Oberkircher, Lisa and Anna-Katharina Hornridge. “ ‘Water is Life’-Farmer Rationales and Water Saving in 
Khorezm, Uzbekistan: A Lifeworld Analysis.” Rural Sociology 76(3), 2011. pp.394-421..
[2] Ibid.
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Geometric Flood Control System (GFCS)
DESIGN PREMISE: 
According to the National Oceanic and Atmospheric Association, the U.S. records $7.82 billion 
in damages every year as a result of fresh water flooding not including the damages result-
ing from coastal storm surges.  In trying to prevent the effects of flooding on an area, various 
systems are employed, most notably the stacking of sandbags along rising waters.  The sand-
bag system has been effective in offsetting flood waters since the 18th Century yet emerging 
technologies in materials and computational design have provided the opportunity to redesign 
this age old method to increase efficiency and sustainability.
The research centers on the idea of creating a new module to replace the sandbag in order 
to increase the quality, efficiency, and sustainability found in a flood control system.  The 
research process will focus on three categories of research: geometry, material, and perfor-
mance.  By using this approach, the research evolves through a non-linear process in order 
to continually edit and test the design to produce the maximum performance possible in both 
geometry and materiality.  The three-part process is further below:
GEOMETRY
The study of geometry will allow for the creation of a system that is successful due to the 
influence of the geometry of the module offsetting the lateral hydro forces which are most 
commonly offset by mass in existing modular systems.  The geometry of the module will result 
in research conducted on the strength of geometric shapes and the performance of struc-
tural forms used in larger scale applications such as dams.  The goal of refraining from a mass 
derived system is to create a module that is more democratic in use in order for it to be easily 
handled by everyone from a strong laborer to an elderly homeowner.
MATERIAL
Materials research was conducted in tandem to the study of geometry in order to find a mate-
rial suitable for both the geometry used and the application of the material in retaining flood 
waters.  In order to meet the secondary goal of sustainability, the material’s embodied energy 
as well as its recyclability will be taken into account when choosing a material.
PERFORMANCE
Throughout the research of geometry and material, the designs produced will be continuously 
evaluated for their performance in retaining flood waters through physical and virtual testing.  The 
testing of module design and material will allow for continuous design improvement throughout 
the course of research and design development.  The ultimate goal is to be able to test the final 
design iterations in real world applications to determine the full scale feasibility of the solution.
We hoped to create a system that can be deployed quickly and efficiently to areas expecting 
and/or experiencing flooding for use by both civil institutions in large-scale applications and 
individual home and business owners in small-scale applications.  This system will also allow 
for a more sustainable solution to flood control in an age where sustainability is a forerunner 
in design consideration and weather trends are resulting in more areas experiencing flooding.
Wendy W. Fok
University of Houston
Megan Hartensteiner
University of Houston
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GEOMETRIC FLOOD CONTROL SYSTEM (GFCS)
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STANDARD FLOOD CONTROL SYSTEM - SANDBAGS
- Large quantities of sand have to be aquired 
  to fill bags
- The polypropylene bags most commonly used 
  can begin to disintegrate after being in the sun 
  for extended periods of time
- Sand absorbs flood water which can be 
  contaminated, making disposal of sand an issue
- One time use only
- A lot of man power is needed to fill bags and 
  build barrier
ISSUES WITH USING TRADITIONAL SANDBAGS
cnn.com
naturalbuildingblog.com
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FLOOD DAMAGE AFFECTS:
FORCE DIAGRAM
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Geometric Flood Control System
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The urbaRn Project; We Are What We Grow
We have all heard the saying “We are what we eat”.  Another idea that is just as 
true is, “We are what we grow”.  With this in mind, the Farm Project brings together 
business, school and community around the concept of reclaiming impacted urban 
space and turning it into a working farm and urban green space. The one-acre 
organic farm will consist of a half-acre of growing plots and raised beds, a chicken 
coop, beehives and meeting and workspace.   The Farm Project will provide space 
for gathering and enjoying the outdoors, teaching space for a local K-12 school 
and community groups, and it will have a farm store that will sell organic produce at 
affordable prices.  The farm will not only provide students and community residents 
with nutritious meals, but will also get them connected to their food and introduce 
the various user groups to models of sustainable agriculture and healthy and sus-
tainable lifestyles.
The first completed component of the Urban Farm is the “urbaRn” project; a class-
room / meeting / lab facility which has been designed and constructed almost com-
pletely from waste stream materials and is intended to extend the lessons of the 
Urban Farm to that of the built environment.  The urbaRn was designed and fabri-
cated by a group of fourth year architecture students, and employs two repurposed 
shipping containers, which have been extensively modified for use at the Urban Farm. 
The students were challenged to design the facilities using low / no impact materi-
als, and after some research came to recognize the containers as a potential waste 
stream resource.  In addition to being at the end of their useful life, the containers 
selected for the project were contributing to a surplus of shipping containers in the 
region due to a regional trade imbalance. The choice of containers also facilitated 
the staging of the project, which was fabricated largely off-site and then delivered 
to the Farm, and allows for the potential of relocation in the future. Modifications 
included creating large openings with sliding panels and fitting out the interiors 
with shelving, rolling farm tables and windows created from salvaged materials 
diverted from the local landfill. 
The students also used digital technologies to minimize waste in the production of 
18 chairs for the facility.  The chairs were designed to “scissor” together and could 
be milled and fabricated without the use of any adhesives.  In addition to being light 
and functional, the chairs demonstrate an approach to sustainable design by being 
extremely efficient in their use of materials.  Nesting programs allowed all compo-
nents for the chairs to be milled out of sheet goods; a yield of four chairs coming 
from one 4’ x 8’ sheet.
Educational materials directed to various user groups ranging from community 
members to grade school students frame these principals and extend the lessons 
of the farm to the built environment. 
Timothy Gray
Ball State University
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The Farm Project: We Are What We Grow
We have all heard the saying “We are what we eat”.  Another idea that is just as true is, “We 
are what we grow”.  With this in mind, a groundbreaking collaborative involving educators, 
students, local farmers and local professionals is working together to create an urban farm 
on an abandoned browneld site on the near north side of  Indianapolis. The farm project 
is intended serve as a model for developing partnerships between schools and urban 
farmers in every Indianapolis neighborhood.
The Farm Project brings together business, school and community around the concept of 
reclaiming impacted urban space and turning it into a working farm and urban green 
space. The one-acre organic farm will consist of a half-acre of growing plots and raised 
beds, a chicken coop, bee hives and meeting and work space.   The Farm Project will 
provide space for gathering and enjoying the outdoors, teaching space for a local K-12 
school and community groups, and it will have a farm store that will sell organic produce 
at aordable prices.  The farm will not only provide students and community residents 
with nutritious meals, but will also get them connected to their food and introduce the 
various user groups to models of sustainable agriculture and healthy and sustainable 
lifestyles.
The rst completed component of the Urban Farm consists of the “urbaRn”; a classroom / 
meeting / lab facility which has been designed and constructed almost completely from 
waste stream materials and is intended to extend the lessons of the Urban Farm to that of 
the built environment.  The urbaRn was designed and fabricated by a group of fourth year 
architecture students, and employs two repurposed shipping containers which have been 
extensively modied for use at the Urban Farm. 
The students were challenged to design the facilities using low / no impact materials, and 
after some research came to recognize the containers as a potential waste stream resource.  
In addition to being at the end of their useful life, the containers selected for the project 
were contributing to a surplus of shipping containers in the region due to a regional trade 
imbalance. The choice of containers also facilitated the staging of the project which was 
fabricated largely o-site and then delivered to the Farm. Modications included creating 
large openings with sliding panels and tting out the interiors with shelving, rolling farm 
tables and windows created from salvaged materials diverted from the local landll. 
The students also used digital technologies to minimize waste in the production of 18 
chairs for the facility.  The chairs were designed to “scissor” together and could be milled 
and fabricated without the use of any adhesives.  In addition to being light and functional, 
the chairs demonstrate an approach to sustainable design by being extremely ecient in 
their use of materials.  Nesting programs allowed all components for the chairs to be milled 
out of a single piece of 2, x 4, sheet goods; a yield of four chairs from one 4’ x 8’ sheet.
Other sustainable strategies included capturing rainwater and using low / no VOC paints 
and adhesives.  Photovoltaic panels and a wind turbine are envisioned for future 
installation on site.
The urbaRn Project
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The Garden Elevated
The creation and sustenance of greened roofs has required a concerted effort 
ever since the Hanging Gardens of Babylon improbably thrived in the deserts of 
Mesopotamia. Even with the advancements of today’s engineered systems, a col-
laborative design process is necessary to satisfy the architectural and the biologi-
cal, the functional and the aesthetic requirements of these displaced gardens.
A team of students in biological systems engineering, landscape architecture, 
and architecture collaborated on the design of a green roof for Cheatham Hall at 
Virginia Tech, which houses the university’s College of Natural Resources and 
Environment. The project is a microcosm of the subtropical urban condition: an 
existing, uninspiring roof visible from adjacent spaces, at a nexus of local activity. 
Beyond merely being a design problem to be solved, this roof begs to be occupied, 
to be transformed into a viable, living space. The design project was mentored by 
faculty in biological systems engineering and architecture with additional guid-
ance from both the end users of the space and from green roof system experts. 
Designed to elevate and illustrate the potential of vegetation in buildings, the proj-
ect was intended to develop both an accessible roof garden and a living and evolv-
ing demonstration project for the college. The design process gave students the 
opportunity to investigate the transformative potential of these systems to create 
a beautiful space for faculty and students to converse, learn, and relax; to estab-
lish a location of increased biodiversity; and to provide a seasonally changing view 
through expansive windows of a lush, flowering carpet of creeping sedums and 
flowing grasses. The students took a creative approach to incorporation of archi-
tectural and landscape elements to create shade, texture, path, niche, and rhythm, 
while simultaneously considering real issues of access, life safety, structure, drain-
age, heat flow, fire protection, cost, and maintenance.
By observing this first attempt at interdisciplinary design cooperation, and learning 
the students’ reactions to it, the faculty mentors have generated ideas intended to 
assist the students in overcoming these obstacles in similar exercises in the future. 
These approaches would bring more structure to a process that may have suf-
fered from a lack of adequate framing. Despite the difficulties, the exposure to stu-
dents in other fields seemed to be a valuable educational experience for this group. 
Perhaps more valuable still was the authenticity of the project with its real site, 
real products, and a real client. At the end of the process, the team presented their 
design proposal to the Dean of the College of Natural Resources and Environment, 
who will be sharing it with his leadership team. Faculty and students are hopeful 
that funding can be secured to bring this project to fruition.
Elizabeth Grant
Virginia Tech
Tess Thompson
Virginia Tech
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Spa� o-temporal depic� ons of sedum species’ growth and  ow-
ering captured the imagina� on of the engineering students.
THE GARDEN, ELEVATED
SURVEY RESULTS
The survey instrument was designed as a “post-then-pre” survey. A� er comple� ng the proj-
ect, six of the seven students in the design team voluntarily responded to thirteen state-
ments about the green roof design process, using a 5-point Likert scale measuring their de-
gree of agreement. They were then asked to remember what their a�  tudes were before the 
experience and rate the same thirteen statements again.
Average agreement values in the “a� er” category were higher for all thirteen statements. 
The diff erence in the change in values, however, is telling. On statements like “Architects 
provide valuable insight to green roof design” and “Landscape architects provide valuable 
insight to green roof design,” the “a� er” and “before” values were not much diff erent, indi-
ca� ng that all team members generally understood these professionals’ role in the process 
before beginning the design exercise.
However, on three ques� ons rela� ng to the challenges presented in the design process: 
“I understand the risks of installing green roofs”; “I understand the major obstacles to im-
plemen� ng green roofs”; and “I understand the considera� ons involved in designing green 
roofs,” there was a substan� al diff erence between the “a� er” and “before” values, showing 
that all team members were unfamiliar with these challenges before beginning the project 
but became more con dent with them a� er engaging it. Similarly, self-percep� on of their 
knowledge of types of green roofs “I know the diff erence between the various types of green 
roof,” and how well green roof species thrive, “I know the general types of vegeta� on that 
will thrive on a green roof,” improved considerably during the span of the design project.
The students’ free responses to statements in the survey yielded the following excerpted 
insights (survey statements are in italics):
The best part about working with a team of peers (engineers, or landscape architects/
architects) was:
“Ge�  ng to be crea� ve and collec� vely brainstorm design ideas.”
“We all came from the same educa� onal background, so our methods of design and termi-
nology were all the same. Very easy to communicate.”
The best part about working with an interdisciplinary team (enƟ re group) was:
“Being able to see how diff erent each discipline’s views of ‘design process’ are. For instance, 
the engineers always went straight for research and background informa� on, whilst the ar-
chitects went straight for the actual design.”
“Learning the diff erent approaches in the design process and how various problems can be 
addressed by diff ering disciplinary solu� ons.”
The worst part about working with a team of peers (engineers, or landscape architects/
architects) was:
“I imagine this comes from inexperience, but the lack of sincerity with this design was at 
� mes hard to deal with. Some students saw it as ‘just a project’ instead of something we 
really should try to learn and grow from.”
“Some professions do not fully recognize the broad spectrum and value of architecture in 
the design sense. Instead we were looked at as ‘the guys who know the weight codes’ some-
� mes, which is far from what a true architect is.”
The worst part about working with an interdisciplinary team (enƟ re group) was: 
“Confusion in nomenclature and truly understanding what were the desired project goals. 
The scope of project changed half-way through the design.”
“Some� mes it was hard to follow the more technical aspects of other disciplines.”
“Deciding on a mee� ng � me was very diffi  cult. Also, since the diff erent disciplines went 
about design in diff erent ways, priori� zing was diffi  cult and at � mes I felt our team was just 
hopping from one problem to the next without 100% solving it.”
INTRODUCTION
Modern vegetated roo ng grew up in the temperate climates of Central Europe, and has 
been widely adopted in the northern United States and Canada. Ironically, though, these 
systems have li� le eff ect in cold weather, and their greatest contribu� on occurs during the 
summer months. The cooling poten� al of these roofs has caught the a� en� on and imagi-
na� on of designers in subtropical and tropical climates. It is in these places that green roofs 
can most eff ec� vely reduce unwanted heat  ow into buildings by u� lizing solar energy for 
evapotranspira� on, rather than re ec� ng it into the windows of neighboring buildings. Some 
subtropical locales will also bene t from green roofs’ ability to reduce and slow runoff . Rapid 
urbaniza� on in these regions points toward the incorpora� on of green roofs as a means to 
reduce the incidence of combined sewer over ows, devasta� ng erosion, and other nega� ve 
eff ects on ecosystems.
METHODS
A team of students in biological systems engineering, landscape ar-
chitecture, and architecture collaborated on the design of a green 
roof for Cheatham Hall at Virginia Tech, which houses the universi-
ty’s College of Natural Resources and Environment. The project is a 
microcosm of the subtropical urban condi� on: an exis� ng, uninspir-
ing roof visible from adjacent spaces, at a nexus of local ac� vity. Be-
yond merely being a design problem to be solved, this roof begs to 
be occupied, to be transformed into a viable, living space. The design 
project was mentored by faculty in biological systems engineering 
and architecture with addi� onal guidance from both the end users 
of the space and from green roof system experts. Designed to ele-
vate and illustrate the poten� al of vegeta� on in buildings, the proj-
ect was intended to develop both an accessible roof garden and a 
living and evolving demonstra� on project for the college. The design 
process gave students the opportunity to inves� gate the transforma-
� ve poten� al of these systems to create a beau� ful space for facul-
ty and students to converse, learn, and relax; to establish a loca� on 
of increased biodiversity; and to provide a seasonally changing view 
through expansive windows of a lush,  owering carpet of creeping 
sedums and  owing grasses. The students took a crea� ve approach 
to incorpora� on of architectural and landscape elements to create 
shade, texture, path, niche, and rhythm, while simultaneously con-
sidering real issues of access, life safety, structure, drainage, heat 
 ow,  re protec� on, cost, and maintenance.
DESIGN PROCESS
The images at le�  demonstrate 
the programma� c issues ad-
dressed by the students and 
depict the evolu� on of their 
design proposal for the project. 
Below are results of a survey 
instrument administered to the 
students to evaluate the quali-
ty and poten� al of the collabo-
ra� ve process along with their 
commentary on the impor-
tance of this exercise for their 
development as professionals. 
PREFACE
The crea� on and sustenance of greened roofs has re-
quired a concerted eff ort ever since the Hanging Gar-
dens of Babylon improbably thrived in the deserts of 
Mesopotamia. Even with the advancements of today’s 
engineered systems, a collabora� ve design process is 
necessary to sa� sfy the architectural and the biologi-
cal, the func� onal and the aesthe� c requirements of 
these displaced gardens.
CONCLUSIONS and CONTINUATION
Some of the survey responses show the frustra� ons and miscommunica� ons o� en inherent to 
the interdisciplinary design process. By observing this  rst a� empt at interdisciplinary design co-
opera� on, and learning the students’ reac� ons to it, the faculty mentors have generated ideas 
intended to assist the students in overcoming these obstacles in similar exercises in the future. 
First, the students could each give a short presenta� on to the en� re team at the beginning of 
the project demonstra� ng their knowledge base through examples of prior class projects and 
design work. Second, each student could provide a list of professional strengths and weakness-
es, sta� ng the skills they bring to the group. Third, a brief team-building exercise undertaken at 
the beginning of the collabora� on might help students build trust in their mutual ability to gen-
erate an appropriate design outcome. Fourth, the separate disciplines might develop their own 
ini� al design schemes and bring these to a collec� ve mee� ng where they could be cri� qued and 
integrated. These approaches would bring more structure to a process that may have suff ered 
from a lack of adequate framing.
Despite the diffi  cul� es, the exposure to students in other  elds seemed to be a valuable educa-
� onal experience for this group.  Perhaps more valuable s� ll was the authen� city of the project 
with its real site, real products, and a real client. At the end of the process, the team presented 
their design proposal to the Dean of the College of Natural Resources and Environment, who 
will be sharing it with his leadership team. Faculty and students are hopeful that funding can be 
secured to bring this project to frui� on.
Elizabeth Grant, Assistant Professor, School of Architecture + Design, Virginia Tech
and Tess Thompson, Associate Professor, Biological Systems Engineering, Virginia Tech
The design team presented the  nal design scheme to the dean of the College of Natural Re-
sources and Environment. Engineering students had communicated with landscape architecture 
and and architecture students to the degree that they had a full understanding of the spa� al 
sequence and character of the proposed physical design elements.
The engineering students inves� gated the mechanisms and perfor-
mance of the green roof regarding runoff  reduc� on and energy balance.
Ini� al team mee� ngs focused on the exis� ng site, a standard black 
EPDM membrane roof on the south side of well-used academic spaces.
Architecture and landscape architecture students worked together to iden� fy 
rela� onships among exis� ng spaces and the new garden, and to determine re-
quired access and edge protec� on. Early discussions led to the development of 
schemes for an occupied garden, deemed cri� cal to the project’s success.
Collabora� on amongst the disciplines led to the development of the more ar� culated, less lin-
ear scheme, which provided areas of varying density and programming along the path of the 
roof garden. A mee� ng with a green roof supplier clari ed plant selec� on and zoning.
Research by landscape architecture students brought the tectonic as-
pects of the design to a high level of detail.
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